Abstract
Introduction
The history of Human Development Index (HDI) is relatively short. Since the inception of HDI by the United Nation Development Programme (UNDP) in 1990, it has gone through various refinements and contributed to policy discourse. 1 It also has its share of criticisms. 2 Nevertheless, wide acceptance of HDI can be attributed to the following reasons.
HDI has been successful in taking the debate from a one-dimensional income-based measure like Gross National Product (GNP) to a three-dimensional measure based on education, health and income. There has been a paradigm shift in terms of consideration of human beings as ends, rather than means of production only. Further, annual computation of HDI and its components through Human Development Reports (HDRs) allows cross-sectional comparison of relative position of countries and provided the scope for time series study on the movement of countries in HDI space. In this paper, we intend to analyse the trends in HDI for selected countries for the time period 1990 to 2004.
In human development, each dimension is intrinsic (Sen, 1999) . And hence, if attainment in any dimension is relatively lower, future emphasis ought to be more towards 
The second method of computation of HDI is based on 'displaced ideal' (DI) method, where the index is calculated as the inverse of the Euclidian distance measuring shortfall from the ideal. HDI under DI is expressed as ( ) ( ) ( ) 
Based on Minkowski distance function, these two turn out to be first and second order measures of an α-class of human development indices, 
3 All the countries which have average life expectancy less than 50 years belong to this region (UNDP, 2007) . 4 Perfect substitutability means that any increment in one dimension at any value can be substituted or neutralized by an equal decrement in another dimension at any other value. 5 The difference between LA and DI methods and α-class of HDI measures based on Minkowski distance function are discussed in Nathan, Mishra and Reddy (2008) and Mishra and Nathan (2008) respectively. Figure 1 shows HDI space in two dimensions by taking health and education for illustration. There is an increment in HDI from any position j to a certain higher value for which iso-HDI lines are plotted for HDI 1 and HDI 2 . 6 All the points in iso-HDI 1 line are first order equidistant from j as the algebraic sum of movement from j to any of the points in iso-HDI 1 is constant. Thus, under HDI 1 , increment remains path-invariant. However, the second order distance from j to different points in iso-HDI 2 vary and it minimises at k, which is along the line joining j and ideal, I. This brings us to the notion of ideal path and path penalty. 
Ideal path and path penalty
HDI 2 signals the societies to progress along an ideal path which is based on the notion that improvement in a dimension that has lower value is more important than an equivalent 6 In HDI space, the iso-HDI 1 loci are inclined triangular planes indicating same HDI 1 , the corresponding locus in two dimension will be 45 0 inclined (or backward hatched) lines. For HDI 2 , concentric quarter spheres with centre being ideal are iso-HDI 2 loci indicating common HDI 2 , the corresponding locus in two dimensions are concentric quarter circles.
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Ideal path k improvement in a dimension that has higher value. Figure 1 shows the ideal path, jI, for a given position j. Ideal path gives the direction of progress where the emphases along the dimensions are in proportion to their respective shortfall. In other words, given a position and increment, improvement in HDI 2 is maximized when the movement is along the ideal path.
Any deviation from the ideal path is captured through path penalty, Figure 2 . For any path, say jl, path penalty, Q jl , is the excess distance covered to reach ideal,
Figure 2 Path penalty
Further, greater is the deviation from the ideal path, the higher is the penalty. Mathematically, from Figure 2 , if θ'≥θ and jl'≥jl then Q jl' >Q jl. The normalized penalty can be obtained as
For a further movement, say lm, the path penalty is given by Q lm =(lm+mI-lI).
Cumulative path penalty, 
If the path is closed, that is, the country returns back to the original position, then Q c =∑s i s i+1 , as the last two terms cancel each other. The cumulative penalty can be normalized as
where n is the number of path segments between the first and last positions. 
where ∑s i s i+1 is the actual distance in the movement from s 1 to s n .
Properties of F
Normalization: A measure for fluctuation in HDI movement has a minimum and a maximum F∈ [0, 1] . At its minimum, F=0 corresponds to single straight line movement. At its maximum, F=1 indicates movement along closed path.
Monotonicity: Higher the fluctuation in movement, greater is F. In other words, F will increase (decrease) if the ratio of minimum distance to actual distance increases (decreases).
A measure of normalized-change in HDI
To assess change in human development a measure is conceptualized to capture reduction in shortfall or attainment. This is calculated by taking positive change as a ratio of the initial shortfall and negative change as a ratio of the initial achievement. This measure of normalized-change is indicated as, 
where HDI αj and HDI αl correspond to initial and final value in a movement. This has been computed for both HDI 1 and HDI 2 and discussed in the empirical section. Figure 3 shows G 1
and G 2 for a two dimensional case (h,e).
Figure 3 Measure of normalized-change in HDI
Note: Geometrically, G 1 =(ja+la)/(jb+Ib) and G 2 =Ic/Ij.
Properties of G
A measure of normalized-change in HDI has the following axiomatic properties.
Normalization: A measure for normalized-change in HDI has a minimum and a maximum G∈ [-1,1] . At its minimum, G=-1 indicates that with the change there is complete failure in all the dimensions (h=0, e=0, y=0). At its maximum, G=1 indicates that with the Signalling at aggregate level: A measure for normalized-change in HDI should signal countries at lower level of HDI to improve more than the countries at higher level. In other words to attain the same change in HDI the country with a higher shortfall has to improve more than the countries at lower shortfall. Putting differently, stagnancy in HDI in a country that has a lower value is more serious. This axiom supports the view that emphasis (both society's internal drive and more so for external assistance) ought to be relatively more for countries at lower level of HDI. Both G 1 and G 2 satisfy this axiom as from (7) at a lower (higher) level of HDI, we start with a higher (lower) base for positive change and lower (higher) base for negative change.
Signalling at component level: 9 A measure for normalized-change in HDI should signal a country to emphasize more on the dimension that has a lower value. This is in line with the notion of human development that each dimension is intrinsic (Sen 1999) ; and for progress, the country needs to do well in all dimensions. A corollary to this axiom is that an improvement in a dimension that has lower value bears greater importance. G 1 fails to satisfy this axiom, whereas G 2 satisfies. This follows from the discussion on path penalty.
Positive and negative values of G
The rise and fall in HDI is indicated by positive and negative value of G. Figure 5 shows for a given position, j, the positive and negative zones of G 1 and G 2 .
For a given position, j, values of both G 1 and G 2 coincide on the ideal path, jI.
Geometrically the same can be inferred from Figure 5 , for a movement jk on ideal path; from isosceles triangles jak and jbI, G 1 =(ja+ak)/(jb+bI)=jk/jI=G 2 . Similarly for a movement along the line joining the position and origin, jO, both G 1 and G 2 are negative and equal.
Normalized-change in HDI in conjunction with path penalty appraises the progress in human development for countries. We illustrate this below. Figure 5 , in a two-dimensional HDI space (h,e). The widely deviated movement from ideal path has resulted in high penalty for Botswana (highest among 127 countries). 
O E I H
The other countries in Table 1 are from Commonwealth of Independent States (CIS).
One observes a decline in all the three dimensions of human development between 1990 and 1995, that is, the period immediately after the disintegration of the Soviet Union. This is largely on account of an economic collapse and fall in real outputs (Campos and Coricelli, 2002; World Bank, 2002; Linn, 2004) . This gets reflected in the sharp decline in income indices for these countries. Since the late nineties all these countries have started a sustained recovery process (Linn, 2004) , and this economic revival is attributed to political and macroeconomic stability, structural and institutional reform, upturn in agriculture, foreign direct investment (FDI) inflows among other reasons (Dowling and Wignaraja, 2005 India is lowest among all the 127 countries considered here. Similar observation can be made in case of comparison between Philippines and Sri Lanka, where the former has almost stagnated in income dimension, whereas the movement of the later is fairly close to the ideal path ( Figure 7 ). Another set of countries Jordan and Turkey show similar characteristics.
Rise in HDI
Both these countries start with almost same level of HDI in 1990; Jordan's progress in the least performing income dimension is low compared to other dimensions. On the contrary, Turkey's progress has been closer to the ideal path. Note: The dashed line area the ideal paths for the countries considered. Since these countries are HDI gainers, that is, G is positive; the direction of movement is obvious (the time period is not marked for each country because of paucity of space) .
The stagnancy in a higher performing dimension is less serious. This is evident from 
Fluctuation in HDI movement
The steadiness in movement in HDI space is assessed through the measure of fluctuation, F. Table 3 1990 1995 2000 2004 1990 1995 2000 2004 1990 1995 
Concluding remarks
There has been an increasing focus on broader measurements of human progress to capture wellbeing, happiness, security and sustainability. Amongst all these measures, HDI stands out as the most successful and widely accepted measure (UNU-WIDER, 2007).
Inclusion of direct physical quality of life measures like health and education and consideration of income as an 'indirect' indicator to value person's command over resources make HDI a 'pragmatic', though not 'pure' measure of human development (Qizilbash, 2002) .
In a background paper for HDR, Molina and Purser (2010) analyse trends in HDI for the last four decades and observe that there have been substantial improvements in human development without much correlation between income growth and the other dimensions.
More often than not, it is the state interventions in health and education that are relevant.
The present paper is more about measurement of HDI and its change. The conventional measure is a simple linear averaging of the three dimensions, HDI 1 . Under this, there is perfect substitutability across dimensions and a country with relatively higher income can get a higher value/rank even if health and education dimensions are not doing well. To address this, the current paper uses HDI 2 which is an inverse of the Euclidean distance measuring shortfall from the ideal. Such an approach as well as the associated measure of normalized-change, which satisfies certain axiomatic properties, penalizes countries that give greater emphasis to one dimension while neglecting the other dimensions. Given an initial level, the latter approach also indicates an ideal path and any deviation from this is indicated through path penalty. Further, the paper proposes a measure to capture fluctuations in the movement. The progress in human development turns out to be faster for countries already high in human development. This is because the shortfall is low for these countries in absolute terms. Also, the analysis show emerging economies like China and India have shown larger progress in HDI and movement closer to the ideal path with low fluctuations. This study can further be extended to establish policy linkages. 
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